Employees at agricultural working places are often exposed to complex bioaerosols. Investigations of bioaerosols in duck houses revealed concentrations of cultivable bacteria between 0.4 and 3 3 10 5 colony forming units (CFU) m 23 on tryptone soy agar, 0.3 and 2 3 10 5 CFU m 23 on actinomycetes isolation agar, and 0.8 and 5 3 10 3 CFU m 23 on Middlebrook agar, respectively, when incubated at 25°C. At an incubation temperature of 37°C, 0.6-3 3 10 2 CFU m 23 were counted on MacConkey agar and 0.3-2 3 10 3 CFU m 23 on Middlebrook agar, and the concentrations of bacteria on glycerol-arginine agar and oatmeal agar incubated at 50°C varied between 0.1 and 2 3 10 3 and 1 and 7 3 10 3 CFU m 23 , respectively. In addition, high concentrations of cells were observed by fluorescence microscope quantification of cell counts after 49,6-diamidino-2-phenylindol staining with 3-8 3 10 7 cells m 23 . A total of 213 colonies with different morphological appearance were selected and the isolated pure cultures were identified at the genus level using the 16S rRNA gene sequence analyses. In summary, 19 different genera of Actinobacteria, four genera of the Firmicutes, one genus of the Bacteroidetes, and five genera of the Proteobacteria were identified. Several isolates represent new phylogenetic lineages. Based on 16S rRNA gene analyses, some isolates were most closely related to Cellulosimicrobium funkei, Corynebacterium falsenii, Corynebacterium xerosis, Mycobacterium arupense, and Staphylococcus epidermidis, which have been grouped into Risk group 2 of biological agents and may cause negative pulmonary health effects. These bacterial species were present in high concentrations up to 10 4 CFU m 23 . For this reason, we recommend an adequate personal breathing protection at these working places.
INTRODUCTION
Bioaerosols at agricultural working places are of a very complex composition. They consist of nonviable particles, generated for example by litter, feed, and feathers, and of viable and non-viable microorganisms and viruses with non-pathogenic and pathogenic potential as well as particulate matter of microbial origin like endotoxins, mycotoxins, and peptidoglycans. Depending on the working area, previous investigations revealed, for example, bacterial and fungal concentration to an extent of 10 8 colony forming units (CFU) m À3 air (reviewed by Eduard, 1997) . The inhalation of those high concentrated and complex bioaerosols at occupational activity are known to cause a wide range of workers' respiratory disorders like chronic pulmonary disease, decline in lung function, increased airway responsiveness, or hypersensitive pneumonitis (Lacey, 1994; Lacey and Dutkiewicz, 1994; Rylander, 1994a,b) . Early case reports in poultry breeding describe hypersensitivity pneumonitis and additional epidemiological studies revealed the presence of extensive chest symptoms and changes in respiratory functions (e.g. Bar-Sela et al., 1984; Thelin et al., 1984; Donham et al., 1990; Hagmar et al., 1990; Morris et al., 1991; Schwartz et al., 1992; Radon et al., 2001; Rylander and Carvalheiro, 2006) . Therefore, quantification and identification of microorganisms are of special interest in occupational exposure assessments and epidemiological investigations, especially at working places with apparently high concentration of bioaerosols.
Until now there is neither a national nor an international accepted and standardized protocol available for the quantification or identification of microorganisms at working places. Most frequently, the quantification of airborne microorganisms at working places is based on cultivation approaches using solid culture media. By these methods only culturable microbes, originally present in the bioaerosol, which were (i) collected by sampling system and (ii) survived the sampling, transport as well as preparation stresses, are potentially detectable. It is estimated that only 0.01-10.0% of microorganisms are detectable in environments like soil or freshwater using standard cultivation techniques (Torsvik et al., 1990; Griffiths and DeCosemo, 1994; Amann et al., 1995; Kaeberlein et al., 2002; Kent and Triplett, 2002; Honer-Devine et al., 2004; Riesenfeld et al., 2004) . A detailed investigation of the culturable microorganisms, even on one selected medium, is possible only with a high analytical investment and only after isolation of grown species, which is a time and material-consuming process.
Molecular biological methods like polymerase chain reaction (PCR) may offer the advantage of a more sensitive and specific detection method without the time-consuming cultivation process. These methods, targeting the DNA, have already been applied successfully to investigate microorganisms in different environmental samples (e.g. Stach et al., 2001; Stubner, 2002; Kolb et al., 2005) and currently these methods are as well in experimental phase for bioaerosol investigations (Alvarez et al., 1994; Makino et al., 2001; Zeng et al., 2006; Cayer et al., 2007; Dutil et al., 2007; Oppliger et al., 2008) . With knowledge of relevant microorganisms, quantitative real-time PCR may offer a potential method in the future for genus-or species-specific quantification at exposure measurements at different working places (Fallschissel et al., 2009) . Potential targets are the 16S rRNA genes, whose sequences are currently used in taxonomic classification of prokaryotes. These genes contain highly conserved regions (Ludwig and Klenk, 2001) . The still existing variable regions in such genes, however, can be used to distinguish genera or in some special cases also species. At present, the comparative sequence analysis of 16S rRNA genes is the most commonly used method of 'phylogenetic' division of prokaryotes. The 16S rRNA gene is basically a nucleotide sequence of $1500 bp in length. Because these molecules are involved in essential cellular functions (protein biosynthesis), the 16S RNA-genes are present in all prokaryotic cells.
As mentioned above from microbiological point of view, working places in poultry processing plants are rarely characterized, particularly in duck houses. In this study, we isolated and characterized cultivable bacteria from bioaerosols of two permanent working places in 'laying duck houses' to obtain first basic informations for risk assessment and subsequent molecular biological analyses.
MATERIALS AND METHODS

Cultivation and identification
Bioaerosol samples from two duck houses (A and B) (anonymously) were investigated. Each duck house accommodated 2500 ducks at age of 2 (House A) and 14 (House B) months, respectively. For the cultivation approach, bioaerosols were collected according to the German standard VDI 4252-Blatt 2 (2004) on gelatine filters (diameter of the gelatine filter, Ø, 78 mm) with an air sampling rate of 30 l min À1 (membrane pump 2/39; Holbach GmbH). Per house on 1 day, six bioaerosol samples (filter number 1 to 6; each 500 l) were sequentially collected (one each hour) during a regular working period to prevent a sampling stress by long sampling times. The collected bacteria of each two loaded filters (1 and 4, 2 and 5, and 3 and 6) were combined for one cultivation-based approach, respectively. The filters were dissolved in isotonic NaCl and serially diluted in isotonic NaCl (up to 10 À8 ). For quantification and isolation, six different agar media [tryptone soy agar (TSA; Oxoid, Hampshire, UK); actinomycete isolation agar (Difco; Becton Dickinson, Franklin Lakes, NJ, USA); MacConkey agar (Oxoid); Middlebrook 7H10 agar with oleic albumin dextrose catalase (Becton Dickinson, Franklin Lakes, NJ, USA); glycerol-arginine agar (El-Nakeeb and Lechevalier, 1963) ; and oatmeal agar (Medium 189; www.DSMZ.de)] were inoculated with 0.1 ml of a dilution, each in triplicates. TSA was used as a non-selective medium, at 26°C for mesophilic bacteria. Actinomycete isolation agar at 26°C, glycerolarginine agar (50°C), and oatmeal agar (50°C) are selective for mesophilic and thermophilic actinomycetes, respectively. MacConkey (37°C) agar was used for enrichment of Enterobacteriaceae and Middlebrook 218 E. Martin, P. Kämpfer and U. Jäckel agar (26 and 37°C) for growth of mycobacteria with different temperature optima. With the exception of Middlebrook agar, all media contained Natamycin (Add Food Service GmbH, Ascheberg, Germany) at a final concentration of 100 mg l À1 , to prevent fungal growth. A pre-treatment of bioaerosol aliquots was done with MycoPrep-Reagent (Becton Dickinson) following the instructions of the manufacturer before inoculation in the Middlebrook agar. In total, 213 bacterial isolates were obtained and grouped according to similar cell and colony morphologies, Gram staining, and restriction fragment length polymorphism analyses (Lottspeich and Zorbas, 2006) .
Molecular analysis
For genomic DNA extraction, a loop of bacterial cells was transferred and mixed with 0.5 g Zirconia beads (Biospec Produkts, Bartlesville) in a reaction tube (1.5 ml). Afterwards cells were disrupted by shacking this mixture on a vortexer (Vortex-Genie 2; Carl Roth, Karlsruhe, Germany) for 2 min. Subsequent DNA extraction steps were performed with the GenEluteä Plant Genomic DNA Miniprep Kit (Sigma Aldrich, St. Louis, USA) following the instructions of the manufacturer. The 16S rRNA gene of one isolate representing one of each group was amplified by PCR using 'universal, bacterial 16S rRNA gene primers' fD1 and rP1 (Weisburg et al., 1991) . The PCR was performed in a iQ5 Cycler (Biorad, München, Germany) with a program of initial denaturation at 95°C for 3 min, denaturation at 95°C for 45 s, annealing at 57.3°C for 45 s, and extension at 72°C for 1 min. The amplification was carried out for 28 cycles. The reaction was stopped in a final extension at 72°C for 15 min, followed by cooling to 4°C. The PCR was performed in a total volume of 50 ll with 27.8 ll RNAse-and DNAse-free water (Carl Roth), 5 ll 10Â Taq buffer [containing (NH 4 ) 2 SO 4 ], 10 ll MgCl 2 (25 mM), 5 ll desoxyribonucleosidtriphosphate (2 mM) (Fermentas, Ebersberg, Germany), 1 ll each primer (10 pmol ll À1 ) (Eurofins MWG Operon, Germany), and 0.2 ll Taq (5 U ll À1 ) (Fermentas, St. Leon-Rot, Germany). Each amplification mixture contained 2 ll ($5 to 50 ng ll À1 ) genomic DNA. Amplification products were visualized after electrophoresis using 1.0% agarose gel by dyeing the DNA in ethidium bromide (EtBr) solution containing 5 lg EtBr per 100 ml aqua dest. The PCR products were purified using the QIA-quick PCR purification kit (Qiagen, Hilden, Germany) according to the instructions of the manufacturer. The sequencing analyses were performed by Agowa (Berlin, Germany). The 16S rRNA gene sequences of $1300 bp were compared with available sequences in Genbank using BLAST (Basic local alignment search tool) provided by the National Center for Biotechnology Information Server. Evolutionary distances between pairs of sequences and all currently described type strains of associated genera 'List of Prokaryotic names with Standing in Nomenclature' by J. P. Euzéby (http://www.bacterio.cict.fr) were calculated using the Kimura 2-parameter model provided in the MEGA 4.0 software package. Phylogenetic trees were calculated and statistically drawn using the neighbour-joining method supplied by the MEGA 4.0 package (Tamura et al., 2007) .
Total cell count
For total cell counts at each sampling day, three polycarbonate filters (0.8 lm pore size, Ø 8 cm; Whatman, Kent, UK) were exposed in the same way as described above. Sampling time was $6 h corresponding to an air filter volume of 11.25 m 3 . Subsequently, the cells were detached from the filter surface using a Stomacher (Stomacher, 80 Biomaster; Seward, Worthing, UK) with 10 ml cell-free isotonic NaCl solution at the highest level for 60 s. Cells were fixed and stabilized by the addition of 1 ml formaldehyde (37.0%, 4°C). After a minimum storage time of 24 h at 4°C, 10 ll of a 49,6-diamidino-2-phenylindol (DAPI) solution (1 mg ml À1 H 2 O) was added to 1 ml of the fixed cells. After 30 min of incubation in the dark, the stained cells were quantitatively filtrated on a black polycarbonate filter (0.2 lm pore size, Ø 25 mm; Whatman) using a filtration unit (Ø 20 mm, 30 ml; Schleicher und Schuell, Dassel, Germany).
Filters were embedded in an anti-fading reagent (AF1; Citifluor Ltd, London, UK). Fluorescencelabelled cells were counted with an epifluorescence microscope (Leica, DMIRB) at 1000-fold magnification equipped with a counting ocular. For statistical purposes, 20-30 counted microscopic fields of view corresponding to 600-1000 stained cells were counted per filter. The counted area and the amount of cells allowed the calculation of cells per cubic metre sampled air.
RESULTS
A total of six bioaerosol samples of two duck houses were processed. The bacterial concentrations based on the cultivation approach varied between 0.4 and 3 Â 10 5 CFU m À3 on TSA (25°C), 0.3 and 2 Â 10 5 CFU m À3 on actinomycetes isolation agar (25°C), 0.6 and 3 Â 10 2 CFU m À3 on MacConkey agar (37°C), 0.8 and 5 Â 10 3 CFU m À3 on Airborne bacteria from duck houses 219
Middlebrook agar (25°C), 0.1 and 2 Â 10 3 CFU m À3 on Middlebrook agar (37°C), 0.1 and 2 Â 10 3 CFU m À3 on glycerol-arginine agar (50°C), and 1 and 7 Â 10 3 CFU m À3 on oatmeal agar (50°C) ( Fig. 1A,B ). The highest concentrations were determined on TSA and actinomycetes isolation agar.
Comparing with CFU per cubic metre detected on TSA, total cell number counted after DAPI staining with 3-8 Â 10 7 cells m À3 were two magnitudes higher (Fig. 1A,B ).
With the cultivation-based techniques, 213 bacterial isolates were obtained. After a pre-grouping into 115 different morphotypes, the 16S rRNA gene of one representative isolate of each group was sequenced. The cultures were identified as members of 29 different genera in the phyla Actinobacteria (84.0%, 96 isolates), Firmicutes (11.0%, 13 isolates), Bacteroidetes (1.0%, 1 isolate), and Pro-teobacteria (4.0%, 5 isolates) ( Table 1 ). The phylum Actinobacteria was represented by isolates which were affiliated by 16S rRNA sequences to 34 different bacterial species (the most closely related species are shown in Table 1 . The phyla Firmicutes and Proteobacteria were represented by isolates with 16S rRNA sequences most closely related to nine and five different species, respectively. To the phylum Bacteroidetes, only one isolate could be assigned by 16S rRNA gene sequence similarity. Details to isolation conditions (culture media and temperature) are shown in Table 1 .
The majority of the bacterial isolates (n 5 40) contained 16S rRNA genes, which were most closely related to species of the genus Streptomyces. These species were not further characterized by 16S rRNA gene sequence analysis because of a very high sequence similarity of this gene within this genus. Of all characterized isolates, 25 exhibited a high 16S rRNA sequence similarity between 99.5 and 100.0% to already described bacterial species. The 16S rRNA gene sequence of seven isolates showed a similarity between 99.0 and 99.5% to currently described species. Further six isolates exhibited a 98-99.0% and three isolates (Sj 10, Sa 7, and Sa 25) exhibited a 97-98.0% 16S rRNA sequence similarity to currently described species, respectively.
The 16S rRNA gene sequence analyses of three isolates (Sa 14, Sa 15, and Sa 8a) revealed a similarity ,97.0% to 16S rRNA sequence to described bacterial species, indicating that they may represent novel species.
Based on 16S rRNA gene sequence similarity, five isolates (concentrations reached up to 10 4 CFU m À3 ) were most closely related to bacterial species of the Risk group 2 (according to TRBA 466, 2005) . The 16S rRNA gene of isolate Sj 32 was most closely related to the corresponding gene of Cellulosimicrobium funkei (99.4%). Isolates Sj 23 and Sa 31 showed 16S rRNA gene sequences most closely related to Corynebacterium falsenii (99.2%) and Corynebacterium xerosis (100.0%), respectively. Isolate Sj 69 showed highest 16S rRNA gene sequence similarity to Mycobacterium arupense (99.6%) and isolate Sj 8 was most closely related to Staphylococcus epidermidis (99.3%) based on 16S rRNA gene sequence analyses.
DISCUSSION
Since animal husbandry has changed from low density pasture-based to predominately modern animal confinement, at high stocking density of single species, new workplaces have emerged. The concentration of cultivable bacteria in investigated duck houses air varied between 0.4 and 3 Â 10 5 CFU bacteria per m 3 on TS-medium which is comparable to those found in other poultry houses or poultry slaughterhouses (Venter et al., 2004; Haas et al., 2005; Lee et al., 2006; Lues et al., 2007) . In relation to natural background levels of airborne bacteria with an average of $100 CFU m À3 air (Bovallius et al., 1978) , these concentrations are very high, in particular, for egg samplers, who spend the whole working day in these animal confinements. The total cell numbers observed directly by fluorescence microscopy were even two magnitudes higher (Fig. 1A,B ) underlining the high Work-Related-Microbial-Exposure-Level (WoRMEL) in investigated duck confinements. However, until now, there is no general accepted occupational exposure limit (OEL) at agricultural working places for microorganisms. This fact can mainly be drawn back to the mentioned lack of generally accepted, standardized quantification methods and by insufficient knowledge about dose-response relationship that highly depends on the individual disposition of exposed occupants. The suggested OEL (10 5 CFU m À3 ) by Dutkiewicz et al. (2000) and Gorny and Dutkiewicz (2002) in investigated poultry houses is slightly exceeded. For a risk assessment at working places, however, beside the exposure quantity, in particular the exposure quality is of a special interest. By infection risk emanating from bacteria, viruses, fungi, or parasites for work-related risk assessment, so called 'biological agents' have been classified into four risk groups in the European Union's statutory classifications (Directive, 2000) and additional national classifications, e.g. in Germany's Technical Rules for Biological Agents (TRBA 466) or Swiss guidelines (BUWAL, 2003) .
Here, the Risk group 1 comprises biological agents, which are unlikely to cause human diseases. Risk group 2 organisms are those that can cause human disease and might be a hazard to workers; they are unlikely to spread to the community; there is usually effective prophylaxis or treatment available. Biological agents of the Risk group 3 are defined as those that may cause severe human disease and are a serious hazard to workers; they may present a risk of spreading to the community, but there is usually effective prophylaxis or treatment available. Biological agents of Risk group 4 cause severe human disease and are a serious hazard to workers; they may present a high risk of spreading to the community; there is usually no effective prophylaxis or treatment available (Directive, 2000) Depending to the expected exposure scenario (quality and quantity) at working places, the work has to be performed under different biological safety levels.
Based on 16S rRNA gene analyses, the cultures obtained by bioaerosol investigations were identified as members of 29 different genera. Most frequently isolated bacteria are members of the phylum Actinobacteria (84.0% of isolates), followed by isolates of the phyla Firmicutes (11.0% of isolates), Bacteroidetes (1.0% of isolates), and Proteobacteria (4.0% of isolates) (Table 1) . Most frequently isolated species are members of the genus Streptomyces.
The majority of isolated bacteria are most closely related to bacterial species of the Risk group 1 (according to the TRBA 466, 2005). Nevertheless, some bacterial isolates are most closely related to members of the Risk group 2 and some are known as potential causatives of pulmonary disorders.
Hygienic relevant bacterial species are member of the genera Corynebacterium, Cellulosimicrobium, Mycobacterium, Staphylococcus, Thermoactinomyces, and Saccharopolyspora (Table 1) .
Species in the genus Corynebacterium are either aerobic or facultative anaerobic and are widely distributed in nature. Many members of this genus were originally isolated from a broad variety of habitats, including soil, faeces, diary products, animal skin, and plant material. Many species of this genus are a part of the normal microflora of the skin and mucosa of humans and other mammals (Kazmierczak et al., 2005) . The 16S rRNA gene sequences of two isolates in this study (Sj 23 and Sa 31) are most closely related to C. falsenii and C. xerosis, both are bacteria of the Risk group 2 (TRBA 466, 2005) . Corynebacterium xerosis is a known member of the normal dermal flora and infrequently of nasopharynx. This species has also been shown to be involved in a variety of infections in compromised patients (Porschen et al., 1977; Lipsky et al., 1982; Eliakim et al., 1983; Bennet et al., 1986; Valenstein et al., 1988; Camelo et al., 2003) . Concentration of C. xerosis, assumed by counts of colonies with identical colony morphology as the isolate at the same dilution, was 10 4 CFU m À3 air. A possible involvement in pulmonary health effects of C. xerosis in agricultural working area was indirectly indicated by investigations of Mackiewicz (1998) . The author analysed the frequency of a positive skin reactions with particular allergens among swine buildings workers and found a significant correlation between positive skin reactions due to C. xerosis allergens and the signs of chronic bronchitis.
Corynebacterium falsenii has also been isolated from different human body sites (Sjödén et al., 1998) . In 2003, this species was isolated for the first time from the respiratory tract of eagles (Fernández-Garayzábal et al., 2003) and later found in tracheae of black storks (Fernández-Garayzábal et al., 2004) . Hence, C. falsenii may represent a normal inhabitant of the natural microflora of birds. There are indications that animals are a general source for several new corynebacterial species (e.g. Fernández-Garayzábal et al., 1997 , 1998 Pascual et al., 1998; Collins et al., 1999) . Focussing on duck faeces, Murphy et al. (2005) isolated four different bacteria, which were identified by 16S rRNA gene analyses as members of the genus Corynebacterium. The pathogenic status of these species is unknown.
Based on a 99.4% 16S rRNA gene sequence similarity, the isolate Sj 32 is most closely related to C funkei. Cellulosimicrobium funkei was first identified in clinical isolates (Brown et al., 2006) .
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The German collection of microorganisms and cell culture (DSMZ 5 Deutsche Sammlung für Mikroorganismen und Zellkulturen) supposed the assignment of this bacterium to Risk group 2 of biological agents (http://www.dsmz.de/microorgan isms/html/bacteria.genus/cellulosimicrobium.html) indicating a possible negative health effect. Murphy et al. (2005) isolated C. funkei from duck faeces, with an estimated amount of 2 Â 10 4 CFU g À1 , too. This is an obvious indication that ducks are a potential source of these bacterial species. By 16S rRNA gene analyses several isolates are identified as members of the genus Mycobacterium. Kazda (1983) (Goodfellow and Magee, 1998; Shimizu et al., 1999) , but a small number of infections in lungs have also been reported among immunocompromised patients and from patients with a normal immune status, respectively (Kuze et al., 1983; Krisher et al., 1988; Palmero et al., 1989; Peters and Morice, 1991; Spence and Ferris, 1996) . Furthermore, Huttunen et al. (2001) showed that M. terrae isolated from mouldy buildings are capable of activating inflammatory mechanisms in both human and murine cells.
Staphylococcus has been described as one of the predominant bacterial genera in agricultural environments (Nielsen and Breum, 1995; Seedorf and Hartung, 2002; Haas et al., 2005; Oppliger et al. 2008) . In this study members of this genus were isolates. Sj 7, Sa 28, and Sj 13 are most closely related to Staphylococcus arlettae, Staphylococcus lentus, and Staphylococcus xylosus, respectively. These three species belong to Risk group 1 (according to TBRA 466). Based on 16S rRNA gene sequence analysis, one bacterial species of Risk group 2 has been detected. Sj 8 is most closely related to S. epidermidis (99.9% 16S rRNA sequence similarity) at concentrations of 2 Â 10 4 CFU m À3 . Swan and Crook (1998) isolated S. epidermidis, beside Staphylococcus cohnii, and S. xylosus from airborne grain dust and Chalmers and Kewley (1985) determined S. epidermidis as abundant bacterial species of the bacterial flora of eyes from newly hatched and young domestic ducklings. Staphylococcus epidermidis was also detected as one frequent bacterium in the air of a poultry slaughterhouse and poultry feed plants (Haas et al., 2005; Ghasemkhani et al., 2006) . Therefore, S. epidermidis seems to be one common airborne species in agricultural working places.
In particular, we obtained Thermoactinomyces vulgaris, a thermophilic bacillus, and Saccharopolyspora rectivirgula (formerly known as Micropolyspora faeni), a thermophilic actinomycete, at concentrations of 2 Â 10 2 and 1 Â 10 3 CFU m À3 , respectively. Both species are known as causative to the clinical picture of the farmer's lung disease (Pepys et al., 1963; Milanowski et al., 1998; Duchaine et al., 1999) .
The high bacterial diversity detected in investigated air indicates the release of bacteria from either one quit heterogeneous environment or the presence of several different bacterial sources. One result of investigation of those complex environments is a highly diverse microbial community of which most often only a small fraction of microbes typically is cultivable (Kassen and Rainey, 2004) or comprises several new species. This tendency is also given for investigated bioaerosol samples. Concentrations examined by cultivation on TSA medium were at least one up to two magnitudes lower than those observed directly by fluorescence microscopy (Fig.  1A,B ). Seven isolates could not be clearly assigned to any known genera or species. Four of them (Sa 14, Sa 15, Sa 8a, and Sa 25) showed 16S rRNA gene sequence similarities ,97.2% to any published sequence from a type strain (Table 1) . Three of them represent new genera. The 16S rRNA genes of isolates Sa15 T showed highest similarities to the species Fulvimonas soli and represent a species of a new genus: Pseudofulvimonas gallinarii (Kämpfer et al., 2009c) . Isolate Sa14 T was next related to Defluvibacter lusatiensis and represent a novel species in the new genus Aquamicrobium aerolatum as new species (Kämpfer et al., 2009d) . Isolate Sa25 T represents a further new genus with Paenochrobactrum gallinarii as a new species (Kämpfer et al., 2009b) . A new species in the genus Dietzia represent isolate Sj14 T (next related to Dietzia maris; 98.7% 16S rRNA gene sequence similarity) and was described as Dietzia aerolata (Kämpfer et al., 2009a) . As a consequence, both from the ecological and the medical point of view intensive poultry farming should be regarded as an important source for complex and 224 E. Martin, P. Kämpfer and U. Jäckel mainly unknown bacterial communities, which can not be fully identified by conventional identification systems.
CONCLUSION
Because of a growing 'industrialized' poultry production, employees are spending more time in buildings with densely populated monocultures. To protect workers from risks to their safety and health while activities with exposure to complex bioaerosols in future, there is a general need for collect information in order to assess the exposure quantity and quality. Therefore, the development of consistent approaches to the collection and identification of bacteria at working places is of a high importance in the future.
In this study we identified several species characterized as 'biological agents' of Risk group 2 and those are known as potential causatives of pulmonary disorders at concentrations up to 10 4 CFU m À3 air (Table 1) . Therefore we recommend, next to technical and organizational measures, an adequate breathing protection for workers with a permanent presence in those duck houses. On the basis of our data, future investigations should apply molecular methods to study the presence of representatives of the genera Corynebacterium, Mycobacterium, Cellulosimicrobium, Saccharopolyspora, and Thermoactinomyces in more detail qualitatively as well as quantitatively.
